In 1994 Chlamydia trachomatis specimens from 175 men and 135 women attending a clinic for treatment of sexually transmitted disease were genotyped by polymerase chain reaction -based restriction fragment length polymorphism of the omp1 gene. Information about the patients was collected at their initial visit. The associations between C. trachomatis genotype and patients' selfreported symptoms, clinical signs, and characteristics were studied. Genotypes E, F, and D/Dpredominated (men: 71%; women: 60%). Five specimens (1.6%) showed evidence of mixed infections. Among men, complaints of urethral discharge and dysuria were most commonly associated with genotypes H and J (100% vs. 59% -68% for the other genotypes; P Å .03); in addition, §10 leukocytes per microscopic field were least often observed for genotypes G/Ga (19% vs. 59% -65% for the other genotypes; P Å .01). Women's reports of lower abdominal pain were more often associated with F, G group genotypes (32%) than with B-complex (6%) or C-complex (13%) genotypes (P Å .02). Certain symptoms of genital C. trachomatis infection were related to the infecting genotype. Further work will be necessary and should involve markers of the host immune response.
Genital infections with Chlamydia trachomatis cause a broad
cally difficult microimmunofluorescence test with polyclonal mouse antisera [4, 23] . Since the introduction of the more spectrum of clinical manifestations in women, varying from asymptomatic localized infections to complicated, ascending convenient microimmunofluorescence test using monoclonal antibodies [4, 23] , an increasing number of isolates have been infections such as pelvic inflammatory disease (PID), tubal infertility, and ectopic pregnancy [1] . Strain-specific differtyped worldwide [10, 11, 13 -16, 19, 24, 25] . However, only some epidemiological studies have addressed the possible relaences in virulence might account for such diverse clinical manifestations. In animal models, differences in virulence were tionship between clinical manifestations and the various serovars [10, 18, 20, 22, 26] or, more recently, omp1 genotypes found to be related to the infecting chlamydial serovar [2, 3] . Currently, 19 human serovars have been identified with use of
[27] of C. trachomatis. polyclonal and monoclonal antibodies raised against the major Today, typing of the omp1 gene (encoding for the MOMP) outer membrane protein (MOMP) [4 -7] . In urogenital infecis used to classify C. trachomatis strains, avoiding the costly tions the serovars D, D variants, E, and F are predominant, production of monoclonal antibodies [17, 27, 28] . For this while G, Ga, H, I, I variants, J, and K are found less often [1, purpose, either complete nucleotide sequence analysis or re- 8 -22] . Sporadically, genital infections with serovars B and Ba striction fragment length polymorphism (RFLP) analysis of occur as well [1, 8 -14, 17, 18, 20 -22] .
the amplified omp1 gene can be used. The latter method was Differentiation of chlamydial serovars in clinical isolates originally developed for analyzing propagated clinical isolates may be important for thorough understanding of the pathogene-
[21] and was later adapted for typing strains directly in clinical sis and epidemiology of genital chlamydial infections. Until specimens, without a previous laborious cell culture (this adapthe mid-1980s, large-scale typing studies were precluded, as tation is hereafter referred to as ''direct PCR-based RFLP genotyping of isolates was carried out with the expensive and technityping'') [29] . Now this technique can easily be applied to large numbers of specimens and is very useful for epidemiological studies. Using direct PCR-based RFLP genotyping, we studied the distribution of C. trachomatis genotypes in clinical specimens tween C. trachomatis genotype and clinical manifestations in
Materials and Methods
agarose gel electrophoresis, the procedure was repeated with another 0.5 mL of the specimen.
Study Participants and Data Collection
If still negative, the specimens were further processed with cetyltrimethylammonium bromide (CTAB) to remove possible In 1994 a cross-sectional study was carried out among coninhibitors [32] . In brief, to 20 mL of proteinase K-lysed specisecutive visitors to the STD clinic at the Department of Dermamen, 250 mL of CTAB solution (10 mM Tris-HCl [pH, 7.5], tology and Venereology of the University Hospital Rotterdam 1 mM EDTA, 0.7 M NaCl, and 1% CTAB) was added. The (the Netherlands). Each visitor was asked for the following specimens were centrifuged and incubated for 10 minutes at information, which was recorded by a physician on standard-65ЊC. After phenol-chloroform-isoamyl alcohol extraction, the ized forms: reason for visiting the STD clinic, presence of DNA was precipitated by isopropanol overnight. The DNA pelspecific urogenital symptoms, nationality, native country, intralets were washed in 70% ethanol, dried, resuspended in 20 mL venous drug use, use of antibiotics in the past 4 weeks, commerof distilled water, and used in the PCR. When even this method cial sex-worker contacts, and history of (specific) STD. In addidid not yield a product by agarose gel electrophoresis, the specition, attendants were asked about the age at first sexual mens were processed with use of the EasyDNA kit (Invitrogen, intercourse, gender of sexual contacts in general, type of last/ Leek, The Netherlands) [33] . The few specimens remaining negaformer sexual contact and gender of partner, number of sex tive were considered unsuitable for amplification. partners, orogenital and anal contact, and condom use with
The PCR for genotyping was carried out in separate rooms casual partners. The study design was described elsewhere in with dedicated equipment and reagents as previously described more detail [30] . [31] . A 5-mL sample was added to 45 
Genotyping
Brunschwig Chemie, Amsterdam, The Netherlands]; 1 mM each primer; and 1.5 U AmpliTaq [Perkin-Elmer, Gouda, The NetherFor men two urethral specimens and for women two endocervical specimens were collected for testing for the presence of lands]). The first PCR was carried out with the primers NLO and NRO [34] . For the nested PCR, 1 mL was used in a second PCR C. trachomatis, as described previously [30] . One specimen was obtained by using the specially designed collection kit of using the primers NLI and NRI [34] . Both primer sets were designed to amplify all known serovars of C. trachomatis. the Gen-Probe PACE 2 assay (Gen-Probe, San Diego) and analyzed according to the manufacturer's instructions, and the Five microliters of the final product was mixed with 4 mL of buffer (adjusted to be as close as possible to the final restriction second specimen was stored in a 0.2 M sucrose-phosphate (2SP) medium for cell culture and PCR-based genotyping. All buffer, as recommended by the manufacturer) and 0.2 mL of restriction enzyme (concentration, 10 U/mL [except FokI, 1 -2SP specimens were divided into two portions after vigorous centrifugation and stored at 070ЊC. The first portion was used 5 U/mL]), prediluted to 1:20, and incubated for 2 hours according to the instructions of the manufacturer. Digestion with for isolation in cell culture. The second portion was weekly shipped on dry ice to the National Institute of Public Health AluI (Boehringer-Mannheim, Almere, The Netherlands) was used to discriminate between the genotypes Ba, (G/Ga), F, K, and the Environment (RIVM) for direct PCR-based RFLP genotyping.
E, (D/D0), and (H/I/I/J). (The enzyme cannot discriminate between the genotypes in parentheses but can identify these During the medical examination at the clinic, the presence of urethral discharge from men and vaginal discharge from subgroups; the subgroups can then be further differentiated to individual types by using another enzyme.) women was noted and classified. The female cervix was also evaluated for ectopy, cervical bleeding induced by swab samThe resulting pattern was visualized after electrophoresis in Visigel (Stratagene, Westburg, Leusden, The Netherlands) by pling (hereafter termed cervical friability), and disorders of the cervical mucosa (including cervical discharge). The average ethidium bromide staining and ultraviolet illumination. Each sample was genotyped by comparison of the pattern with that number of leukocytes per microscopic field (magnification, 1400) was determined in first-void urine samples from men of laboratory prototypes [7] . To discriminate between the genotype D variants and between the genotype G variants, the final and in gram-stained cervical smears for women.
Only the specimens positive by either the Gen-Probe PACE PCR product was digested with CfoI (Boehringer-Mannheim) and with BstUI (New England Biolabs, Westburg, Leusden, 2 assay or cell culture (the routine diagnostics at that time) were used for typing at the RIVM. A 0.5-mL portion of each The Netherlands), respectively. To discriminate between the serovars H, (I/I), and J, the final PCR product was digested specimen was centrifuged for 30 minutes at 12,500g in a microcentrifuge. The pellet was lysed in a proteinase K -containing with HinfI (Boehringer-Mannheim) and a combination of EcoR I and DdeI (Boehringer-Mannheim). Finally, to discrimibuffer [31] . After inactivation of the proteinase K at 95ЊC-100ЊC for 10 minutes, 5 mL was used for amplification of the nate between the genotype I variants, the final PCR product was digested with FokI (Boehringer-Mannheim 
Statistical Analysis
with only a positive Gen-Probe PACE 2 test, and 4 from patients for whom both diagnostic tests were positive. We comChlamydia-positive patients with typed specimens were pared the characteristics of 33 patients with nontyped isolates compared with patients for whom genotyping was not per-(17 isolates not available, 16 isolates PCR-negative) with those formed because specimens were not available or because the of the 310 patients with typed specimens. Patients with PCRomp1 gene could not be amplified by PCR. Chlamydia genonegative specimens were older and reported more lifetime parttypes were classified in three groups (referred to as genogroups) ners, although differences were nonsignificant. Differences based on their genetic relatedness and serological reactivity caused by the transport failure are unlikely to be related to found by others: genotypes B, Ba, D, D0, E, L 1 , and L 2 in the C. trachomatis genotype or patients' characteristics. Therefore, B-complex; genotypes F, G, and Ga in the intermediate F, G we believe that the results represent all chlamydia-infected group; and C, H, I, I, J, K, and L 3 in the C complex [35] .
patients that were identified at the STD clinic. Initially, cross-tabulations with patients' characteristics and symptoms or signs were made both for the individual genotypes and for the genogroups as a whole. If from these tables it women were 59% and 24%. A history of any STD was reported For statistical testing the x 2 test or the two-tailed Fisher's by one-half of the men and one-third of the women (22% when exact test was used. An alpha of 0.05 was used for statistical candidiasis was excluded); about 10% of both sexes reported significance. Patients with mixed infections, due to genotypes a previous chlamydial infection. Having had one partner in the designated to two different groups, were excluded from the past month was reported by 59% of the men and 80% of the analysis. In studying the relationship of genotype with sympwomen, and more than one partner, by 28% of the men and toms and signs, we also excluded patients with concurrent 7% of the women. In addition, multiple partners in the past 6 gonorrhea, genital herpes, primary or secondary syphilis, months were reported by 35% of the women and 66% of the trichomoniasis, and bacterial vaginosis. For men, these analyses men. were restricted to heterosexuals since the clinical features of
The distribution of C. trachomatis genotypes was comparahomosexual men were different and could not be analyzed ble for men and women, with genotype E predominating (table because of low numbers. No multivariate analyses were exe-1). F and D/D0 were also common in both sexes, as was cuted, since the observed demographic and sexual factors asso-G/Ga in men and K in women. Three urethral specimens from ciated with genotype were not considered potential confounders men and two endocervical specimens from women showed or effect modifiers for the association of C. trachomatis genoevidence of mixed infections. These five patients were aged type and clinical manifestations. further 34 specimens were processed with the EasyDNA kit, C-complex H 10 (6) 9 (7) and 21 (61.8%) were positive. In total, 310 (175 from males I 2 (1) 0 and 135 from females) of the 326 specimens (95.1%) were I 12 (7) 10 (7) J 8 (5) 8 (6) positive in the nested PCR and available for RFLP typing. K 9 (5) 13 (10) If the nested PCR yielded a product, it was always sufficient
for typing by RFLP. Of the 16 PCR-negative specimens, 5
were from patients with only a positive culture, 7 from patients / 9c46$$fe01 01-14-98 11:01:14 cida UC: CID 20 -34 years and reported no previous STD. All reported one patients were infected less often with F, G group genotypes and more often with C complex genotypes, especially J partner in the past month, but three of them reported multiple partners in the past 6 months. Both genotypes in one patient (P Å .08), than were women from the Netherlands (table 2) . No associations were observed for genogroup and age at were classified as B complex, whereas the genotypes of the other four patients were from different classes and were exfirst intercourse, a history of any STD or chlamydial infections, number of sex partners, commercial sex contacts, and concurcluded from all further analyses. rent gonorrhea (table 2) . Women with a steady partner at the time of STD consultation were infected more often with a B Patients with a concurrent STD (n Å 49; 19 men) and homosexual men (n Å 8) were excluded from these analyses. Of the Surinam were infected significantly less often with F, G group genotypes and more often with genotypes I and E than were 146 heterosexual men, 56% reported urethral discharge, 36% reported dysuria, and 65% reported either one of these sympmen from the Netherlands (table 2) . Likewise, Surinam female / 9c46$$fe01 01-14-98 11:01:14 cida UC: CID toms (i.e., they were symptomatically infected). Although each A similar observation was made for genotype K. When all mentioned symptoms were combined, the distribution of genoof the complaints was not associated with genotype, a significant difference was found for symptomatically infected vs.
types was similar in patients with and without symptoms. Among women, none of the signs noted on examination was asymptomatic patients: all 14 men infected with genotypes H and J reported symptoms, vs. 59% -68% for the remainder of significantly related to genotype, yet some differences were noticed: abnormal discharge upon examination was observed the C complex genotypes and the other two genogroups (table  3) . In addition, discharge upon examination (observed in 56% in 50% of the women, with higher percentages for those infected with genotype I or K. Bleeding induced by swab samof men) seemed more common for C complex infections, in particular mucopurulent discharge. The complaint of a burning pling (cervical friability) was observed in 26% of the women and seemed to occur more often for genotypes I, J, and K. sensation or itching, reported by 45% of the men, was not related to specific genotypes.
Cervical ectopy was demonstrated in 35% of the women, with only minor differences for the various genotypes. Women (n Å 103) were more often free of symptoms on presentation at the clinic than were men: 62% reported none of the six symptoms (table 3) . Interim bleeding (3%) and bleeding
Association of C. trachomatis Genotype with Number of
during sexual intercourse (3%) were seldom reported, and the Leukocytes relationship with genotype could not be studied reliably. No association with genotype was found for complaints of abnorFor men, the average number of leukocytes per microscopic field (1400) in first-void urine sediments was determined. This mal vaginal discharge (reported by 25% of the women), smelly discharge (9%), or burning or itching (14%). However, lower sign of local inflammation was categorized as 0 leukocytes (6%), 1 -4 (15%), 5 -9 (21%), or §10 (57%). Ten or more abdominal pain (reported by 13% of the women) was reported more often by those infected with F, G group (F, 30%; G/Ga, leukocytes per high-power field were least often observed in men infected with genotype G or Ga (table 3) (OR Å 0.14; 33%; overall, 32%) (OR Å 5.1; 95% CI, 1.6 -16.2), although it must be noted that findings were based on small numbers. 95% CI, 0.04 -0.45). On the contrary, infections with D/D0, NOTE. Patients with mixed infections (n Å 4), concurrent gonorrhea (n Å 23), genital herpes (n Å 4), primary/secondary syphilis (n Å 1), trichomoniasis (n Å 7), and bacterial vaginosis (n Å 15; 1 already excluded for trichomoniasis), and homosexual or bisexual men (n Å 8) were excluded.
* P ú .05 in x 2 or Fisher's exact test for symptom or sign and the three genogroups. † x 2 test (C complex divided into H/J and I/I/K; other genogroups as a whole): 9.20 (df Å 3; P Å .027). ‡ x 2 test (F, G group divided into F and G/Ga; other genogroups as a whole): 11.07 (df Å 3; P Å .011). § Fisher's exact test (all genogroups as a whole), 2-tailed: P Å .020.
/ 9c46$$fe01
01-14-98 11:01:14 cida UC: CID H, and K more often seemed to be associated with the finding tract, the association needs to be confirmed in larger studies. To some extent, the association is supported by a recent study, of §10 leukocytes (not statistically significant).
For women, leukocytes were enumerated in a gram-stained using genotyping by automated sequencing of the omp1 gene: in 33 women with cervical or endometrial infection recruited smear from the cervix. No leukocytes were observed in 4% of the women, 1 -4 in 19%, 5 -9 in 22%, and §10 in 52%.
in a general hospital or city clinic, F genovariants were associated with PID and histopathology of the endometrium (plasma Although these differences were not statistically significant, women infected with F, G group genotypes least often had cells or neutrophils) [27] . Few studies addressed the possible relationship between in- §10 leukocytes, and women infected with D/D0, I, J, or K genotypes more often had a high degree of inflammation (table fecting serovar and the clinical manifestation of urethral infections in men [12, 22] . Again, the observations are contradictory. 3). In women infected with C complex genotypes, ú20 leukocytes were observed relatively often: 32%, compared with 14%
Batteiger et al. concluded that, although serovars F and G were more often present in men with §10 leukocytes on gram-(B complex) and 5% (F, G group).
stained smears of the urethra, no strong overall association was observed between serovar and local inflammation [12] . In Discussion contrast, in a previous study in Amsterdam, fewer signs of inflammation for serovars F and G were found in men [22] . In women, lower abdominal pain was reported most often for infections with F, G group genotypes. In men, complaints
This finding was partially confirmed in the present study, showing less inflammation for genotypes G and Ga. of urethral discharge and dysuria were most common for infections with genotype H or J. In addition, fewer signs of inflam-
The ability of a specific genotype to induce an inflammatory response would tend to correlate with more clinically apparent mation were observed among men infected with genotype G or Ga. For both sexes, signs upon examination were not associdisease and vice versa. The association observed in Amsterdam between a low degree of local inflammation for serovars F and ated with any genotype.
Studies on this subject, primarily using monoclonal antibod-G and less urethral discharge supports this hypothesis [22] . However, in the present study genotypes G and Ga were not ies for typing, have yielded contradictory results. None of the previous studies observed an association between serovar and associated with mild disease in men. Furthermore, genotypes H and J were associated with symptomatic infection and disthe frequency of symptoms of cervical infections in women, although some did with signs of infection [10, 12, 18, 20, 22, charge upon examination, but only for genotype H was a tendency toward a higher degree of inflammation found. 27]. To our knowledge, the present study using PCR-based RFLP genotyping is the first to demonstrate a relationship beAlthough some relationships with genotype were detected, the observed inconsistencies in reported results imply that we tween self-reported lower abdominal pain in women and genotypes F, G, and Ga.
should be aware of the possibility that the pathogenicity of strains may not be (solely) linked to the markers involved in genotyping Indirect evidence of symptoms due to infection with genotype G was previously reported: none of 21 asymptomatic or serotyping. Host variation might also play an important role in the development of clinical disease. The use of HLA typing women vs. 3 of 20 symptomatic gynecology patients presented with infection due to genotype G [36] . In two STD clinicrevealed that PID was related to specific HLA types [37] . Besides, the host's antibody response to C. trachomatis heat shock based studies, no association between infecting serovar and clinical signs of cervical infection was found [12, 22] . Still, protein (especially hsp60) seems to be correlated with upper genital tract infections, tubal infertility, and ectopic pregnancy, one study found that infections with serovars F and G caused fewer signs of cervical infection (i.e., easily induced bleeding, suggesting an immune-mediated pathogenesis for C. trachomatis [37] [38] [39] [40] [41] . These relationships need further study. cervical ectopy, and mucopurulent discharge) [20] . In our study a similar tendency was found for these signs, although it was In studying the relationship between clinical manifestation and chlamydial genotype, an STD clinic has the advantage of not significant. Generally, associations could be obscured because of the small number of symptomatic women and the high numbers of symptomatic and asymptomatic chlamydial patients. However, the results might be affected by the practice great diversity in clinical presentation.
So far, no clear association has been found between serovars of partner referral at the STD clinic, influencing the overall distribution of genotypes and the proportion of symptomatic and complicated infections such as salpingitis [18, 20, 26] . The majority of patients in the present study probably had patients per genotype. However, the distribution of genotypes was similar for patients with various reasons for clinic attenuncomplicated localized infections, although patients with (presumptive) PID were identified on a clinical basis only, leaving dance, including referred partners. Finally, as complicated infections are infrequently diagnosed at an STD clinic, additional ''silent'' PID unrecognized. Self-reported lower abdominal pain in women, referring to possible PID, proved to be related data should be collected from patients with C. trachomatis PID or tubal infertility at gynecology departments and should be to F, G group genotypes, although numbers were low.
Before these C. trachomatis genotypes can serve as prognoscompared with data from patients with uncomplicated lower genital tract infections. tic indicators for complicated infections of the upper genital / 9c46$$fe01 01-14-98 11:01:14 cida UC: CID
The observed distribution of genotypes, with E, F, D, and exposed to various genotypes through multiple sex partners, as was observed for three of the five patients in our study. D0 representing 60% of specimens, resembled the distribution described by others [10 -12, 14, 16, 22] . Nevertheless, the Investigators using monoclonal antibodies have reported rates of mixed infections within one isolate varying from 1.0% to prevalence of genotypes may vary over time and geographical regions as a result of different STD control programs, the im-4.0% [12, 13, 19, 24] , but often mixed infections were not detected [14, 15, 18, 22] . However, when analyzing specimens mune response in the population at large, and behavioral factors. Furthermore, the possible genotype-dependent variation from different urogenital sites, we previously observed mixed infections in 1.1% of the patients [22] . in the duration of infection and clinical manifestations might affect the circulation of genotypes: those with short infectious Serotyping with monoclonal antibodies might underestimate the number of mixed infections, as the required serial passage periods and frequent development of symptoms probably contribute less to the prevalence.
in cell culture might selectively propagate one serovar over another [18, 24] . For successful identification of mixed infecAs expected in a heterosexual population, no difference in genotypes was found with gender. None of the previously identions, it has been estimated that the ratio of the minor genotype vs. the major genotype should not exceed 1:10. In addition, tified determinants for chlamydial infection [30] was associated with specific genotypes, except for ethnic minority: for both successful identification probably depends on primer choice and reaction conditions [44] . Direct PCR-based RFLP genotypsexes, genotypes F, G, and Ga were less common among (the high-risk) patients born in Surinam. An association with ething may facilitate the detection of mixed infections [45] . Yet, in comparison with the 1.1% mixed infections detected by nicity was also found in another large study of heterosexual patients: (high-risk) black patients were infected less often with serotyping at the same clinic 8 years earlier, our proportion was barely higher [11] . serovar D and more often with serovar I than were nonblacks [16] . Racial variation in serovars might result from differences Studies using omp1 genotyping by automated DNA sequence analyses showed rates of mixed infections of 8% and 15% [27, in host susceptibility, immune response, control measures, and sexual behavior: concordant partner choice (i.e., choosing sex 46]; in one study, of four mixed infections found with DNA sequence analyses, only one was recognized by RFLP [46] . partners from the same race) might cause circulation of selected serovars in a relatively closed population [16] .
This suggests that the detection of mixed infections can be further improved and that the observed frequency in this study Nowadays, it is widely recognized that PCR assays for detection of chlamydial infections are far more sensitive than classic probably underestimates the real frequency.
In conclusion, in women genotypes of the F, G group seemed cell cultures or Gen-Probe PACE 2 assays [28] . It is suggested that PCR assays especially detect more cases of low-grade, to cause more complaints of lower abdominal pain, and in men genotypes H and J produced more symptoms of dysuria and otherwise inapparent infections [34] . As a result, in our study some chlamydial infections remained undetected, especially urethral discharge. Furthermore, in men fewer signs of inflammation were observed for genotypes G and Ga. Signs upon the low-level ones that tend to be asymptomatic. Still, a considerable number of asymptomatic infections (35% of infections examination were not related to the infecting genotype. Further work on this subject will be necessary to confirm previously in men and 62% in women) were included in our study. We can only speculate about differences in the distribution of genopublished results, especially with regard to the F, G group genotypes. For this purpose, markers of the host's immunity, types between these identified asymptomatic patients and those who remained unidentified. In only one study of serovar distriincluding HLA types and antibody response, should be studied as well. butions in culture-negative, PCR-positive specimens compared with culture-and PCR-positive specimens was a fairly similar distribution found [42] .
